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We describe three previously healthy children, admitted from our emergency department (ED) to our free-
standing children's hospital, as the first documented cases of croup as a manifestation of SARS-CoV-2 infection.
All three cases (ages 11 months, 2 years, and 9 years old) presented with non-specific upper-respiratory-tract
symptoms that developed into a barky coughwith associated stridor at rest and respiratory distress. All were di-
agnosed with SARS-CoV-2 by polymerase chain reaction testing from nasopharyngeal samples that were nega-
tive for all other pathogens including the most common etiologies for croup. Each received multiple (≥3) doses
of nebulized racemic epinephrinewithminimal to no improvement shortly aftermedication. All had a prolonged
period of time from ED presentation until the resolution of their stridor at rest (13, 19, and 21 h). All received
dexamethasone early in their ED treatment and all were admitted. All three received at least one additional
dose of dexamethasone, an atypical treatment occurrence in our hospital, due to each patient's prolonged dura-
tion of symptoms. One child required heliox therapy and admission to intensive care. All patientswere eventually
discharged. Pathogen testing is usually not indicated in croup, but with “COVID-19 croup,” SARS-CoV-2 testing
should be considered given the prognostic significance and prolonged quarantine implications. Our limited expe-
rience with this newly described COVID-19 croup condition suggests that cases can present with significant
pathology and might not improve as rapidly as those with typical croup.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

The novel 2019 coronavirus SARS-CoV-2, responsible for COVID-19
disease, commonly presents in children with fever, cough or shortness
of breath [1-3]. Other findings can include rhinorrhea, nausea, vomiting,
fatigue, diarrhea, dehydration, abdominal pain, headache, pharyngitis,
rash, myalgia, cyanosis, tachypnea, tachycardia, apnea, and other pre-
sentations [1,3-5]. We are unaware of any reports of SARS-CoV-2 asso-
ciated with stridor and croup.

Croup (laryngotracheitis) is usually caused by viral infections (most
commonly parainfluenza types 1 to 3) in the fall andwinter months [6].
Croup typically presents with a “barky cough” and in more severe cases
may develop stridor and dyspnea [7]. After an electronic health record
database review, we describe this case series of our ED's only three
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cases, between March 1, 2020 and July 31, 2020, of children who re-
ceived nebulized racemic epinephrine (NRE) and had a positive SARS-
CoV-2 infection.

2. Case reports

2.1. Case 1

In June, an 11-month-old previously healthy African-Americanmale
twin, with no sick contacts, presented with one day of cough, fever, and
rhinorrhea. On ED arrival, he was febrile (104.9 °C), tachypneic (56/
min), and had a 97% oxygen saturation. His exam at rest was notable
for biphasic stridor, barky cough, moderate retractions, decreased aera-
tion, and nowheeze. Oral dexamethasone (0.6mg/kg) and NRE (0.5 mL
of 2.25% in saline) were administered without improvement. A second
NRE two hours later did not resolve the stridor and he was admitted.
A nasopharyngeal respiratory pathogen PCR panel (BioFire®
FilmArray® Respiratory RP2.1) was positive for SARS-CoV2 and nega-
tive for all other pathogens.

As an inpatient, he got a third NRE three hours after the second one,
with no response. His stridor continued 21 h after the initial dexameth-
asone. As an inpatient, he received a second oral dexamethasone
(0.6 mg/kg), 24 h after the first dose, an infrequent occurrence on the
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inpatient service for croup. He was discharged after 32 h of hospitaliza-
tion. At discharge, he had stridor with exertion only. On phone follow-
up, the mother reported that “his breathing got much better the day
after he was discharged.”

2.2. Case 2

In June, a 2-year-old previously healthy Caucasian female presented
with two days of cough and dyspnea without fever. She had two prior
episodes of stridor with upper-respiratory tract infections. The day
prior, a telehealth physician diagnosed her with an upper-respiratory
tract infection. Her father and sister both had fever but had not had
SARS-CoV-2 testing.

On ED arrival, she was afebrile (37.0 °C), tachycardic (144/min),
tachypneic (44/min), and had a 99% oxygen saturation. She had stridor
at rest with moderate retractions, barky cough, decreased aeration, no
wheeze, a normal cardiac exam, and a blanchingmaculopapular truncal
rash. Oral dexamethasone (0.6 mg/kg) and NRE were administered. A
second NRE was given fifty minutes later for persistent stridor and re-
tractions. Two-view neck radiographs revealed mild subglottic
narrowing with no radiopaque foreign body. Chest radiographs were
normal. Her nasopharyngeal PCR panel was also positive for an isolated
SARS-CoV2 infection.

She was admitted and was treated with a third NRE for persistent
stridor, 2.5 h after the previous one, with no response. Otorhinolaryn-
gology was consulted for persistent stridor and ultimately recom-
mended dexamethasone (0.6 mg/kg) every 6 h for 24 h for severe
croup. She had stridor at rest for 13 h after the first dexamethasone
and was discharged 17 h after admission with stridor only with exer-
tion. On follow-up, the mother reported improved symptoms within
one week, but two months later has noted that her daughter “gets
winded easily” and is “not back at full capacity.”

2.3. Case 3

In July, a 9-year-old previously healthy female presented as a trans-
fer from an outside ED with a complaint of coughing. Her mother had
tested positive for COVID-19 ten days before presentation, and the
patient's symptoms started three days after her mother's test. Her pedi-
atrician advised the family to seek ED care only if she developed respi-
ratory distress. On day six of illness, the coughing became barky
without any improvement with dextromethorphan-acetaminophen-
doxylamine succinate, so she presented to an adult ED. She was febrile
(100.5° F), tachypneic (42 breaths/min) and had a 95% oxygen satura-
tion. For her respiratory distress and inspiratory stridor at rest, she
was given racemic epinephrine, codeine, and lorazepam. Two hours
later, she was speaking in full sentences and breathing at 28 breaths/
min. After a normal chest radiograph, and a nasopharyngeal viral PCR
panel that was positive only for SARS-CoV-2, she was discharged.

Twelve hours later, she returned to the same ED with “continuous
barky coughing,” tachypnea (56 breaths/min), inspiratory stridor at
rest, and anoxygen saturation of 94%. A repeat chest radiograph showed
“subtle patchy opacities in both lower lobes may represent early pneu-
monia” which was treated with ceftriaxone. She received nebulized
normal saline and four puffs of an albuterol inhaler with no response.
The ED physician consulted us and we recommended NRE and dexa-
methasone. A complete metabolic panel and complete blood count
was unremarkable with a C reactive protein of 1.8 mg/deciliter. En
route by ambulance, she received her third NRE with no response.

On arrival to our ED, she had a heart rate of 150/min, respiratory rate
of 34/min, blood pressure of 125/72, and an oxygen saturation of 98%.
She was air-hungry, diaphoretic, spoke in a hoarse whisper, separated
by back-to-back barky coughs every minute, and complained of chest
pain with coughing. Her exam revealed severe work of breathing, inspi-
ratory stridor at rest, poor aeration, and no wheeze. Her venous blood
gas had a pH of 7.43 with a pCO2 of 34. A fourth NREmade her distress
2

worse. Next, BiPAP was trialed but she could not tolerate it. A two-
minute trial of prone positioning also failed. A three-minute trial of
heliox (70% helium/30% oxygen) was given with no improvement and
was discontinued. The patient was transported to the pediatric inten-
sive care unit (PICU) on oxygen by non-rebreather mask with intuba-
tion equipment if needed.

In the PICU, another BiPAP trial failed and the patient was given IV
midazolam (0.05 mg/kg) for anxiolysis. Heliox was trialed again as a
last attempt before intubation. Her respiratory effort slowly improved
on heliox which she received for 22 h along with a dexmedetomidine
infusion. Her tachypnea resolved after four hours on heliox and her stri-
dor at rest lasted for 19 h after the initial dexamethasone. She was
started on dexamethasone (0.25 mg/kg) IV every 6 h for 48 h and
switched to oral dosing for 24 h. Remdesivir IV was given for five
days. Repeat chest radiographs showed no pneumonia and she received
no further antibiotics. Over four days in the PICU, she received intermit-
tent heliox and benzodiazepines to treat her air hunger and respiratory
distress. She was discharged after one additional day on the inpatient
service. Hermother noted that shewas “fully recovered” from all symp-
toms one week after discharge.

3. Discussion

This case series describes the first three cases, to our knowledge, of
isolated SARS-CoV-2 infection with pediatric croup. All three were
testedwith PCR-based pathogen panels that screened for themost com-
mon etiologies of croup [8]. Inmost clinical circumstances, determining
the etiology of croup is rarely helpful [8]. In this current pandemic, how-
ever, identifying if pediatric croup is associated with SARS-CoV-2 infec-
tion assumes novel importance for counseling inpatient and outpatient
families on quarantine and home isolation precautions [9]. Given that
historical peak incidence of croup is in the upcoming fall and winter
months, these cases highlight the importance of inpatient and outpa-
tient access to rapid SARS-CoV-2 testing [10]. Medical advice was
sought before ED care in two of these described cases, underscoring
the importance of good anticipatory guidance for seeking acute care.
Their course of acute care was atypical in severity, with potential impli-
cations for the expected natural history and management of future
cases. There might have been additional cases of COVID-19 croup with-
out stridor, who did not require racemic epinephrine, in our ED. These
cases were not included in our electronic health record query due to
our local practice standard of not testing most patients who meet dis-
charge criteria for viral etiologies such as SARS-CoV-2 infection. Given
the quarantine implications of discovering SARS-CoV-2 infection in chil-
dren, regardless of their clinical severity, our local testing practices have
changed to now test all croup patients for SARS-CoV-2.

All three of the described COVID-19 crouppatients had stridor at rest
which was relatively unresponsive to multiple NRE treatments. NRE
reduces croup symptom scores by decreasing upper airway edema, a
finding that might be commonly seen with COVID-19 pathophysiology
[11-14]. While this case series is limited to only three patients, all had
≥3 total NRE treatments, dexamethasone, and additional inpatient
interventions (i.e., additional NRE, BiPAP, or heliox). Inpatient interven-
tions for croup are relatively infrequent (22.6% in one study), suggesting
potentially more severe pathophysiology with COVID-19 croup versus
previously described croup [15]. Pediatric croup patients who received
≥3 NRE in one children's hospital were more likely to need intensive
care management [16]. The receipt of NRE in COVID-19 croup patients
also introduce concerns given the aerosol-generating nature of the pro-
cedure and the required personal protective equipment needs [17].

Dexamethasone is used in croup as it improves symptoms, decreases
hospital length of stay, and reduces return visit rates [18]. All three cases
received multiple doses of dexamethasone, a therapeutic decision that
is infrequent for our hospital's practice and is reserved for atypical
cases not responding as expected to initial treatments [19]. Symptom
scores with dexamethasone typically improve in 0.5 to 4 h [18,20].
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While we did not have longitudinal croup symptom scores
(e.g., Westley scores), the time from initial dexamethasone to the reso-
lution of stridor at rest ranged from 13 to 21 h [21]. This is significantly
longer than our normal expectations for moderate to severe croup. Cur-
rent COVID-19 guidelines recommend dexamethasone for adults who
are mechanically ventilated or require oxygen [22,23]. Further study is
warranted to determine effective steroid recommendations for pediat-
ric COVID-19 croup patients.

4. Conclusion

New COVID-19 clinical presentations are emerging rapidly,
outpaced “only by the transmission of the virus itself.” [24] Our limited
experience with this newly described COVID-19 croup suggests that
cases can present with severe pathology andmight not improve as rap-
idlywith treatments as in typical crouppatients. Testing for SARS-CoV-2
in pediatric croup assumes novel importance during this pandemic for
both prognostic and quarantine implications. Further investigations
are needed to determine the natural history and optimal management
of COVID-19 croup.

Contributor Credit Author Statement

All authors approved the final manuscript as submitted and agree to
be accountable for all aspects of the work.

Patient consent from parents was obtained from all three cases in
this case series. In addition, parents have reviewed the reports for accu-
racy and have provided verbatim follow-up outcome quotes in descrip-
tions of each case.

Funding/Support

No funding was secured for this study.

Declarations of Competing Interest

None.

Acknowledgments

Thank you to Kari Ausherman, Pharm.D. and Stacey Lynn English,
Pharm.D., for your help in pulling the pharmaceutical data report.
Thanks to Faiqa Qureshi, MD for reviewing the manuscript.

References

[1] Lu X, Zhang L, Du H, Zhang J, Li YY, Qu J, et al. SARS-CoV-2 infection in children. N
Engl J Med. 2020;382(17):1663–5. https://doi.org/10.1056/NEJMc2005073.

[2] Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, et al. Epidemiology of COVID-19 among
children in China. Pediatrics. 2020;145(6):e20200702. https://doi.org/10.1542/
peds.2020-0702.
3

[3] Parri N, Lenge M, Buonsenso D. Children with covid-19 in pediatric emergency de-
partments in Italy. N Engl J Med. 2020;383(2):187–90. https://doi.org/10.1056/
NEJMc2007617.

[4] Tsao HS, Chason HM, Fearon DM. Immune thrombocytopenia (ITP) in a pediatric pa-
tient positive for SARS-CoV-2. Pediatrics. 2020;146(2):e20201419. https://doi.org/
10.1542/peds.2020-1419.

[5] Abdel-Mannan O, Eyre M, Löbel U, Bamford A, Eltze C, Hameed B, et al. Neurologic
and radiographic findings associated with COVID-19 infection in children. JAMA
Neurol. 2020. https://doi.org/10.1001/jamaneurol.2020.2687.

[6] Kelley PB, Simon JE. Racemic epinephrine use in croup and disposition. Am J Emerg
Med. 1992;10(3):181–3. https://doi.org/10.1016/0735-6757(92)90204-B.

[7] Ortiz-Alvarez O. Acute management of croup in the emergency department.
Paediatr Child Health. 2017;22(3):166–9. https://doi.org/10.1093/pch/pxx019.

[8] Cherry JD. Croup. N Engl J Med. 2008;358(4):384–91. https://doi.org/10.1056/
NEJMcp072022.

[9] Centers for Disease C, Prevention. Information for Pediatric Healthcare Providers.
https://www.cdc.gov/coronavirus/2019-ncov/hcp/pediatric-hcp.html.

[10] Hanna J, Brauer PR, Morse E, Berson E, Mehra S. Epidemiological analysis of croup in
the emergency department using two national datasets. Int J Pediatr
Otorhinolaryngol. 2019;126:109641. https://doi.org/10.1016/j.ijporl.2019.109641.

[11] Bjornson C, Russell K, Vandermeer B, Klassen TP, Johnson DW. Nebulized epineph-
rine for croup in children. Cochrane Database of Syst Rev. 2013. https://doi.org/10.
1002/14651858.CD006619.pub3.

[12] Kaditis AG, Wald ER. Viral croup: Current diagnosis and treatment. Pediatr Infect Dis
J. 1998;17(9):827–34. https://doi.org/10.1097/00006454-199809000-00018.

[13] McGrath BA, Wallace S, Goswamy J. Laryngeal oedema associated with COVID-19
complicating airway management. Anaesthesias. 2020;75(7):972. https://doi.org/
10.1111/anae.15092.

[14] Martines RB, Ritter JM, Matkovic E, Gary J, Bollweg BC, Bullock H, et al. Pathology and
pathogenesis of SARS-CoV-2 associatedwith fatal coronavirus disease, United States.
Emerg Infect Dis. 2020;26(9):2005–15. https://doi.org/10.3201/eid2609.202095.

[15] Asmundsson AS, Arms J, Kaila R, Roback MG, Theiler C, Davey CS, et al. Hospital
course of croup after emergency department management. Hosp Pediatr. 2019;9
(5):326–32. https://doi.org/10.1542/hpeds.2018-0066.

[16] Hester G, Barnes T, O’Neill J, Swanson G, McGuinn T, Nickel A. Rate of airway inter-
vention for croup at a tertiary children’s hospital 2015–2016. J Emerg Med. 2019;57
(3):314–21. https://doi.org/10.1016/j.jemermed.2019.06.005.

[17] Centers for Disease C, Prevention. Interim Infection Prevention and Control Recom-
mendations for Healthcare Personnel During the Coronavirus Disease 2019 (COVID-
19) Pandemic. https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-
recommendations.html.

[18] Gates A, Gates M, Vandermeer B, Johnson C, Hartling L, Johnson DW, et al. Glucocor-
ticoids for croup in children. Cochrane Database of Syst Rev. 2018. https://doi.org/10.
1002/14651858.CD001955.pub4.

[19] Roked F, AtkinsonM, Hartshorn S. Best practice: one or two doses of dexamethasone
for the treatment of croup? Arch Dis Child. 2015;100(Suppl3):A40–1. https://doi.
org/10.1136/archdischild-2015-308599.94.

[20] Dobrovoljac M, Geelhoed GC. How fast does oral dexamethasone work in mild to
moderately severe croup? A randomized double-blinded clinical trial: Oral dexa-
methasone for croup. Emerg Med Australas. 2012;24(1):79–85. https://doi.org/10.
1111/j.1742-6723.2011.01475.x.

[21] Westley CR. Nebulized racemic epinephrine by IPPB for the treatment of croup: a
double-blind study. Am J Dis Child. 1978;132(5):484. https://doi.org/10.1001/
archpedi.1978.02120300044008.

[22] The RCG. Dexamethasone in hospitalized patients with covid-19 — Preliminary re-
port. N Engl J Med. 2020. https://doi.org/10.1056/NEJMoa2021436 NEJMoa2021436.

[23] Centers for Disease C, Prevention. COVID-19 Treatment Guidelines: Corticosteroids.
https://www.covid19treatmentguidelines.nih.gov/immune-based-therapy/
immunomodulators/corticosteroids/.

[24] Cruz AT, Zeichner SL. COVID-19 in children: Initial characterization of the pediatric
disease. Pediatrics. 2020;145(6):e20200834. https://doi.org/10.1542/peds.2020-
0834.

https://doi.org/10.1056/NEJMc2005073
https://doi.org/10.1542/peds.2020-0702
https://doi.org/10.1542/peds.2020-0702
https://doi.org/10.1056/NEJMc2007617
https://doi.org/10.1056/NEJMc2007617
https://doi.org/10.1542/peds.2020-1419
https://doi.org/10.1542/peds.2020-1419
https://doi.org/10.1001/jamaneurol.2020.2687
https://doi.org/10.1016/0735-6757(92)90204-B
https://doi.org/10.1093/pch/pxx019
https://doi.org/10.1056/NEJMcp072022
https://doi.org/10.1056/NEJMcp072022
https://www.cdc.gov/coronavirus/2019-ncov/hcp/pediatric-hcp.html
https://doi.org/10.1016/j.ijporl.2019.109641
https://doi.org/10.1002/14651858.CD006619.pub3
https://doi.org/10.1002/14651858.CD006619.pub3
https://doi.org/10.1097/00006454-199809000-00018
https://doi.org/10.1111/anae.15092
https://doi.org/10.1111/anae.15092
https://doi.org/10.3201/eid2609.202095
https://doi.org/10.1542/hpeds.2018-0066
https://doi.org/10.1016/j.jemermed.2019.06.005
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html
https://doi.org/10.1002/14651858.CD001955.pub4
https://doi.org/10.1002/14651858.CD001955.pub4
https://doi.org/10.1136/archdischild-2015-308599.94
https://doi.org/10.1136/archdischild-2015-308599.94
https://doi.org/10.1111/j.1742-6723.2011.01475.x
https://doi.org/10.1111/j.1742-6723.2011.01475.x
https://doi.org/10.1001/archpedi.1978.02120300044008
https://doi.org/10.1001/archpedi.1978.02120300044008
https://doi.org/10.1056/NEJMoa2021436
https://www.covid19treatmentguidelines.nih.gov/immune-based-therapy/immunomodulators/corticosteroids/
https://www.covid19treatmentguidelines.nih.gov/immune-based-therapy/immunomodulators/corticosteroids/
https://doi.org/10.1542/peds.2020-0834
https://doi.org/10.1542/peds.2020-0834

